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f Ol &) PR (Estrone, E1) ~ 170- I — ¥ (17a-Estradiol, 170-E2) ~ IHff — Fi%
(Estradiol, E2) ~ It =% (Estriol, E3) ~ C/%IERT (Diethylstilbestrol, DES) ~ Z el — iz
(Ethinylestradiol, EE) kA HEEME —f# (Estradiol benzoate, EB) ¢ 7 FHIfE A < ¥
el - REH (AR BRI KSEAIVE) ol =R E T =EE R
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2 Ry FEME - BAL - BRSSO
HIRBEEZ - SRR AT 5 R ED
Gy — R EIEK I B (e S
EEF RN HEE ; il aE
B o HUOR S i SRR T A R = S B
TR O - BEARFIRE RS IEE B
WA FE I R R EE L o v RAE LI
SR AT HE 457 0 s PR O B B s LA
ZERTIRE  BANSHREHBEZDE
TG 0 MERVE R RE A LB A S A B ES
I EIK - A EE - EESARER
fis iz - BESATEZRSEREE
MBEAT O URBREEY RS
BIRIIMERGR Z B8 - ATHE R e
EEAB (D o P e MR T B 25 U L 2R T
P - 2 T I R EE R A B Bl - 12
FHHEBR < BERUE  HEME R S ETEINTE
AR (FIEER - X ERTREIN
W37 2 2k 2 St o) Fra 2
FHEE RS RETOTEE  DEERR
SeRE o SREAKERMERLZE -

ME¥ 32 (Estrogen) ;& —FHZC M1 66
5 FEHINE - smlEfsEES VR
A It 0 52 R F LAt A AR 5 5 - 20 ~ B
FIREE KA - SEMERSE AL S
D BB - MEEEEN AN FEAE
F R e M2 R B B B A - [RIRFERER
HAeRBEZFR @3 o |n xR
(Xenoestrogen) HIJ 545 45 5l 332 72 A1 5
WA LB SRR A T T T
2B 0940 o REHE SR AL B R AR B
FHEAMBRFEZATLERELEY

F o RIRMER R 2 AR 322 By R 43 Wb e
FrEEA VB - 2K E A YyRe P a4 e
FFEEG MR (Bstrone, E1) ~ [iff — %
(Estradiol, E2) ~ J Iiff = /& (Estriol, E3)
% YRR R Y A B AR
TP R - Forb e R R DN L k2
SRR T P B I — 5 R It — R
ZA#Y @ 54 - Ok
(Diethylstilbestrol, DES) ~ £ & It — P
(Ethinylestradiol, EE) J 7 H [ Iff — fiF
(Estradiol benzoate, EB) Jy A T & B M i
FALEY) - BEAE R B R AR BCEAH R Y 2
HEEHRIER » 2 IR 288 Roaa iR 21k
PRI EEY) < T By - BHEYIBTER R R
Y L E AR B R Y - R R R
TEER R EREA B R - R
i~ RMETEARJEAS B LB E K IIRE O - f
Az i A ER B ) ) SE R R AR E e R R LR
B 2015 F5E REHEEL - RN
KEFPERITRIFRE © 190

E ks e R Y 5 iR v o0 R AT
FACBE S JT 1% - BN S i Tk R
& A e kM Ik
immunosorbent assay ; ELISA) (20. 24, 43) &y
TR 1 98 %% (radioimmunoassay ; RIA) »
RIEZ R B S E R ERNPUNE - DI
Y ZJfE (cross-reaction)fy) T8 - AT DIERAS
HHER 0 B2 R iR LT
g3 BT 5k B S BORAHE BTk (high
performance liquid chromatography, HPLC)
(25, 27,3439 ~ SEAHE AT R IR 3% R (gas

chromatograph/tandem mass spectrometer °

(enzyme-linked



GC-MS/MS) (1424, 28,29, 46) FIIREAH Jig 7 2 e
B3 (liquid chromatograph/tandem mass
spectrometer, LC-MS/MS) (7> 13, 17, 22, 28, 32, 48,
O T TR E IR JE AT R R
FIBERLEAR - RAEE A7 ep e X E R 5 A
EHRATEACIE PP R RN - WAHE A
BB RS RS Pk o ps B T H EL i = 3
B - BRI T e 1 - H
SEMEIE EMTHEMEME S - ARIFE 2B
H3 QuEChERS Jjik (1229 » DIWRAHE AT R
Wit G e T M R A T o TR T B MR
& BE 7 HMERCZEBE T
ik e

PR R
— > BRI
() WL

2019 5 10 H B 28T RKEH
TR 20 RO A Bk 5 i
SRR R RS 20 £F -
VA S U 20 R g 2B S F N 20 4 -

() WS

2019 12 HHB 28 EREH
BALEREE 20 MRS fRR ol IS
FARR L PR 20 Bl S SN 20 £ ~ R
Ffa T 20 4 Rl S A R AL 19 1 -

MR IR S A 40 4~ B
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HF 40 1F RS FaBREL 39 F

N
LI B B ER g Ml 5 mAbgiR A
SrHTAR s ik (ELEERHA 25°C Wi 18
MQ/em DA _E) 5 MR S R HE &L 7
TH - A FE B (Sigma-Aldrich, 99%) ~
170-ff —_ % (Sigma-Aldrich, 98%) ~ [fiff —
fiE (Sigma-Aldrich, 98%) ~ It =% (Sigma-
Aldrich, 99.3%) ~ . % i &
Aldrich, 99%) ~ £ #& I — fi¥ (Sigma-
Aldrich, 98%) = FER Iff — F% (USP,
100%) °

(Sigma-

=~ PR IREC R

HY e 3 2 B IR AR HE 5 R AT 10
mg » FEMERE - DIRERARIER S 100
mL > {E Rt H#E % (stock solution, 100
mg/L) » EEEHY 18°C BFAFfi H - B FHIRFAG
MEEIGHEEAER K - DIHERESR
0.002~0.2 mg/L » HEAEFEAEVAYR -

VY9~ BEHR L A B

AU R R B < FrHlER G - FEFE 10 ¢
2 50 mL B E T - A R T~ SRS
KEFE 2 g W10 mL 25 » FEINARE
A 1 B R OCERELLDEE R
Eus Bk 2 08 HIIA 6.5 g HfE
i —HEEE 57 (QUEChERS Extract Tubes,
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EN Method, Agilent, 5982-5650) » # |- #f
IVEBEWBIZRS 2 /BT REE
BEHT A3 » FY 15°C DL 3,000 xg BEds 5 53
i 0 HY b g PSR 6 mL 0 B =y LB
& (Dispersive SPE 15 mL, Fatty Samples, EN,
Agilent, 5982-5156) H - BIZUiRE 2 734 -
A 15°C LL 3,000 xg BfELy 5 538 » B E
JE A EARIR IR - Y 1 mL AR
RS —HERE - R R DR ER
MRS ER B EZRIMA | mL RS ER
5 Ry Fa T R F NS R B Rz A 0.5 mL
HFIHEEE R RO IR FELIERE (0.2um,
PTFE, 13mm) #JE - #AERW - HEITHAE

ST BT - STk (B ) -
T~ FEVLRCH SR i

22 P+ bR B BT 1 mL
PRI - DR GRS B R MIEZ » 531
HIA 0.002~0.2 mg/L AEHEVAWE 1 mL » 5 By fa
JF Be fa DN AL R 43 B 0.002~0.2 mg/L A2
HEVRIR 0.5 mL » IREIF5 - ERE LA
MEHRER  BFPREED AEAER
& > DUE B A S A R 2 A
VIFn1s L I THITE (Peak Area) » SITHRRE
HR LRSI e o HAR PR AERE -

FREL 10 g BB GRAORES,
(FalF ~ FRONIAREY 2 g)

!
I 10 mL Y26 - FINARZSIE 4 1 - BITWRE 2 08

I
IO i — B 5 7%
(P&t © QuEChERS Extract Tubes, EN Method, Agilent)

l
BIZURYS 2 23481% » DL 3,000 xg BELy 5 2348 » (HAE0R 5 T8

!
HY 6 mL I J& W& AT Ll L
(Bt : Dispersive SPE 15 mL, Fatty Samples, EN, Agilent)

!
BIZUIRR 2 o3tk - LL3,000 xg BiEC 5 70

!
B 1 mL AR

l
A 4°C ZHRIKEZ » DL MeOH EARZE 1 mL
(FafiT ~ FUNELLL MeOH &% 0.5 mL)

|
FELL0.2 pm JEIBGHETE - PEVERR

l
LA LC-MS/MS 434t

B— WRRZEERENEES -

Fig. 1. Flowchart illustrating estrogen residue analysis.
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7N~ o hTiE AR

Bk a1 - DIRAHE A
BB B (Agilent 1290/6470, LC-
MS/MS) F3#fr » HAgESs R = (1) A
TR - EIEUFEE (electrospray ionization,
ESI) > (2) JEHTEHE : Poroshell 120 PFP -
E& 100 mm > A 3.0 mm - fif& 2.7
pm ; TR  40°C > (3) (REE
% : Poroshell 120 PFP » £J& 5 mm » &
3 mm + Kif€ 2.7 um » (4) BEIFIAK A

MERGRZ IR AT 59

Bl IR 3.5 kV o (7) BT IRIRE
(ion source temperature) : 300°C » (8) VAL
FHHCA G T 40 psi > (9) Bl 56 B B
77 2 mL/min » (10) {HIBESY : % 8 K
{E#] (multiple reaction monitoring, MRM)
AR SRR BRI & s A
EBFERAER R -

x®—  BEEARNMEEZL
Table 1. Flow gradients for mobile phases of
LC

Time Flow  Mobile phase Mobile phase

FEFE 0.37 g ALE% » DL 1,000 mL #i7K 7243 (min)  (mL/min) A (%) B (%)
VRS 0 DL 0.2 pm JEIEGEE - BUSIKIER o 0.3 70 30
BEEIHEAW A i - DL0.2 pm JEICE R 2 03 70 30
i BEIAIAI B ZH BB O 03 40 00
0.3 mL/ min : BIHERERER (). | . . .
(5) FEAWEH 5L (6) THIEBERE |, 0:3 10 90
(capillary voltage) : IEBEFiafik 4 kv »
xR BEREDTGHRY
Table 2. MS/MS fragmentation conditions
Compound name ESI Precursor Fragment Pro%ﬁ:?tlﬁcgzﬁlilsion Prof;ilecrtltlﬂcgzjﬁsion

mode  ion (m/z) W) . .

ion (m/z) energy (eV) ion (m/z) energy (eV)

Estrone ESI 269.1 196 145.2 33 159.2 33
17a-Estradiol ESI 271.2 196 145.1 40 183.2 40
Estradiol ESI 271.2 196 145.1 40 183.2 40
Estriol ESI 287.2 196 171.2 38 145.1 38
Diethylstilbestrol ESI 267.1 124 237.2 25 251.0 21
Ethinylestradiol ESI 295.2 196 145.0 45 159.3 33
Estradiol benzoate  ESI* 377.2 144 104.9 17 76.9 65

) Estrone : E1 - [t ; 17a-Estradiol : 17a-E2 » 170-ff —.#¥ ; Estradiol : E2 » [ /% ; Estriol : E3 » i =
fig ; Diethylstilbestrol : DES » 7 ERT 5 Ethinylestradiol : EE » Z 4kt — % ; Estradiol benzoate : EB »

IR AR E I -
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&~ SIS R & B IE
(—) B s T 0 5

DB VEfc b SR AT R AT R AT
[RFHY R R ~ E T e R
THEZHEERRR TS RFHYEELE
PEARSER - hais o iRl HE A5 ) o i A Iy
] B LB VE o hg R 2 SRR AE 0.4 min
Dl > BRFE (R=) Frdlieft& it
frEfHE -

() Mg Bl

FOE VEMERE S - FR RS VS A SR
1SRRI EER AR y=mx+n SRR 125
FFHIY)ZIRE (mg/L) (C) > FHK FHIRTH
AKRGRHRHUZLFEFHUYEE
(mg/kg 5 ppm)

UKL PTHEFAZEE
(mg/kg s ppm)=C x VX F/M

C : 2 RFHIY) R VLl i SRR TS
RIS FFHIYIZIREE (mg/L)

VR R ER LG (mL)

F @ ZISHIARGRE, Ao i i B S

M : RIS R (2)

I\~ [ECEEER
3 2 R R I 22 1

an o KRR TR AT B - 3 BIHET TS
A BRI RSN =R =

Bz B ES - DUE &K S ER
(Recovery * R%) JIEtH = & il B &2 %8
SARE (coefficient of variation » CV) > 5
IEREEHAS R 8 B L L B A B T 1R 2 HERK
Bl ® KBRS SR IR - A
W FENTY 70~120% (FEEEHIE >0.01~1
ppm) B¢ 65~125% (= & &l [E > 0.001~
0.01ppm) » ELHBSLREUNL 20% -

Su~ FERE (Matrix effect, ME)

HYZ2 (IR MR R AT 1
mL BRI - DA S I A 2 B R
BZ 0 A 0.05 mg/L AEHEVSYE 1 mL » 45 by
FalIT Be F LRI 0.05 mg/L AEHEYAW
0.5 mL > AT EIEREUE 2%
W DLE BhE A SR A B BE A A R
VIR e < Pl S (Peak Area) @ LL#RIL
P Sl A YA HE LR ERGR - & HETT 3
EE R - G s R R B AT
TR BB E  HEVERELLU T FI A
HEITRAL GO

R MHEBETRECERATEE
(2002/657/EC) 2

Table 3. Maximun permitted tolerances for

relative ion intensities (2002/657/EC)

Relative intensity Relative
(% of base peak)V (%)
>50 +20
>20~50 +25
>10~20 +30
= 10 +50

D FHETEE T ORI (%) FHE R R AR DUE
REE TR EFRLL 100% M5 (<100 %)



ME (%) =
100-100

A (Extract) @ BB SUE .2 0 & F
T 1 e THI e

A (Standard) : FEHERTR TR S AFHIY) &
e I T A

A(Extract)/A(Standard) x

+ ~ EEMFR (limit of quantitation,
LOQ)

(G ERN ISR SE K D= A=)
B2 AT IRIIE B R AR
W BoEL 3 AR AL o RRIRHE E BT R R
% (LC-MS/MS) fiHl] - H 58 A & FHk L
(S/N) KA 10 LLE -

i AR B i
— ~ MEECRZ B 0 TR AT
(—) LC-MS/MS 5} i {6

AWFFELL LC-MS/MS 1E B 4r trisss »
RIS SR 2 M - s DR e TR =B
TR AR T T BERR T DL
LC-MS/MS IE /&= RN 47 7 1
B R - RS EAH R A s 1 A i AN R L
RGN BERLE - F IR TR N R iy
HEALRIRR - fTEARET T BB
FETALIR SRS @1 42454749 K
FeLLZ I LT /KB D 0.01M FAbgzk
WIRTE R B0HE » TRy 0.3 mL/min » W]
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A 14 EERNSERSAT - (B ) B El»
170-E2 ~ E2 ~ E3 » DES ~ EE } EB &
0.05 mg/L Z MRM [E&]z} »

(72 i B 5 R R R

AW DAES B VE A fE A 2R B T i i
R BRI 1 AR AR - R ED
FFEANFERRE - 7 FERERS R A i i E
RAREBE SRR - KARNR
0.002~0.2 mg/kg * J FA T By 0.005~0.5
mg/kg FSAIIEE 0.005~0.5 mg/kg > 7
T IHE 3R 2 AR AH B AR B (correlation
coefficient) r AREIFEEF 70k « B
ARy 0.9989~0.9999 » E5fafif Ky 0.9997~
0.9999 K B F U HL 1 0.9995~0.9998 » ¥ H
A RIFHIERIERTR - HrEF >0.995 - KR
AW 2R L T = - IR E 22
B IINE BRI EHEA TR - Bo#
3 fEfRSL - RRURHE AT B BB R (LC-
MS/MS) #g il - H 5@z Bl L (S/N)
K 10 DL E - HEZMER  (limit of
quantitation, LOQ) A & i A K 0.002
mg/kg » K5 Ey 0.005 mg/kg F S Fa &L
Fy 0.005 mg/kg » FER (FRIY~FEIN)

(=) DRSS 2 A6 R

AWtFE2HEE QUEChERS Jjik (2
20 FATSAA - R RS RIIES 7
THMESR < Be Tk - ik R —
TR BT A~ BRI RS
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FONEp =RRE (Kb =EELE
We Bk BE o+ DLE & oK HE | =R
(Recovery * R%) KitH =EH &b 8
HFARE (coefficient of variation * CV) » s
IR (0.005 mg/kg ~ 0.01 mg/kg Fl

MRM (269.1->145.2) - MRM (269.1 -> 159.2)

: £ 1ot 6.805 min. c 2 10° 687 min.

6.26.46.66.8 7 7.2
Acquisition Time {min)

62646568 772

Acquisition Time (min)

B2
-MRM (2712 -> 145.1) -MRM (2712 -> 183.2)
€ x10° £ x103 6.347 min.
3 3
2 =]
Q & [&] 4
4
T T T T T T T T T T T T
58 6 62646668 7 58 6 6.2646.66.8 7
Acquisition Time (min) Acquisition Time (min)
DES
- MRM (267.1->237.2) -MRM (267.1-> 251.0)
£ x10* 7.072 min 7.072 min_
3
Q
4
L L L L
646668 7 727476 646668 7 727476
Acquisition Time (min) Acquisition Time (min)
EB

+ MRM (377.2->104.9)

+MRM (377.2 -> 76.9)

848688 9 9294
Acquisition Time (min)

8486889 9294
Acquisition Time (min)

B— 7 M= 0.05 mg/L 7 MRM B -

0.05 mg/kg) MEARIZEHBEST

Bt A SEE AR Ry 67~116% » B
REG 2 BEREL (CV) FF 1~12%[8 » 7N
MEELZE (0.0125 mg/kg ~ 0.025 mg/kg F1
0.125 mg/kg) REHFNZEAELT - H

17a-B2
-MRM (271.2-> 145.7) —bf.\‘FIRM (271.2->183.2)
£ ao® 6.494 min. £ x10°
8 3
4
4
T T 1 T 1 171 T T T T T
586 6.26466638 7 5.8 6 6.26.46.66.8 7
Acquisition Time (min) Acquisition Time (min)
B
-MRM (287.2 -> 171.2) - MRM (287.2 -> 145.1)
£ x108 4.169 min. £ x? 4.169 min.
3 3
Q o 1
15 0.75
1 0.5
0.5 025
3638 4424446438 3638 442444648
Acquisition Time (min) Acquisition Time (min)
EE
- MRM (295.2 -> 145.0) -MRM (295.2 -> 159.3)
£ x10 6.663 min.
3
=]
[&]

T T 1T T 1T
6 6.26.4666.8 7 7.2
Acquisition Time (min)

T 7T T 1T 1T 171
6 6.26.46.66.8 7 72
Acquisition Time (min)

Fig. 2. MRM chromatograms of 7 estrogen at 0.05 mg/L.

Estrone : E1 > [ftfi§ ; 170-Estradiol :
fig ; Estriol
Ethinylestradiol :

170-E2 » 17a-Mf — & ; Estradiol :
E3 > Ifff = ¥ : Diethylstilbestrol
EE > Z - — /= ; Estradiol benzoate : EB >

E2 > It —
DES °» . & I fip
7 I g —
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Table 4. Correlation coefficient and limit of quantitation for estrogen in aquaculture mullet muscle

Compound name Calibration range Correla.tion LOQ
(mg/kg) coefficient (mg/kg)
Estrone 0.002~0.2 0.9999 0.002
170-Estradiol 0.002 ~ 0.1 0.9993 0.002
Estradiol 0.002~0.2 0.9999 0.002
Estriol 0.002 ~ 0.1 0.9998 0.002
Diethylstilbestrol 0.002 ~0.1 0.9998 0.002
Ethinylestradiol 0.002~0.2 0.9998 0.002
Estradiol benzoate 0.002 ~ 0.1 0.9989 0.002

KA SRFRMRERZGIEAERARSERTEEMRR

Table 5. Correlation coefficient and limit of quantitation for estrogen in mullet liver

Compound name Calibration range Correla_tion LOQ
(mg/kg) coefficient (mg/kg)
Estrone 0.005~0.5 0.9999 0.005
17a-Estradiol 0.005~0.5 0.9999 0.005
Estradiol 0.005 ~0.25 0.9999 0.005
Estriol 0.005~0.5 0.9999 0.005
Diethylstilbestrol 0.005~0.5 0.9997 0.005
Ethinylestradiol 0.005~0.5 0.9997 0.005
Estradiol benzoate 0.005~0.5 0.9999 0.005

/N RERMEPHAR ZEEABRBETEEMR

Table 6. Correlation coefficient and limit of quantitation for estrogen in mullet ovaries

Compound name Calibration range Correla.tion LOQ
(mg/kg) coefficient (mg/kg)
Estrone 0.005~0.5 0.9997 0.005
170-Estradiol 0.005 ~0.25 0.9997 0.005
Estradiol 0.005~0.5 0.9998 0.005
Estriol 0.005 ~0.25 0.9998 0.005
Diethylstilbestrol 0.005 ~0.25 0.9996 0.005
Ethinylestradiol 0.005~0.5 0.9998 0.005

Estradiol benzoate 0.005~0.5 0.9995 0.005
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BB EIeR Ry 61~113% » BN
Wb B EARE (CV) 1 1~17% [ IR
PIMEESEE (0.0125 mg/kg ~ 0.025 mg/kg Fl
0.125 mg/kg) AR FAINERZE RS+
HAE SRR Ry 60~99% » EHE
M BR LB RAREL (CV) 42 1~10% ] -
T = R B A A (R S T B S 4 T Ui
o REBAATERERE =1 - B4
Hh R A I P R RS FR N
TR FEE e = R A ST [ B 60~70%

KT - FART 7 BUEHEREIRFAHER

HARERF O HESORE 70~120% - ARSARA
PRI (0.005 mg/kg) MW 2 M
WA - RIRFSREROH T 60~125% » HEE
R B AR (CV) #<20% - i
IS I S U B A AN [R) 6 B v R 1k i e 2
FURE (CV) ¥ <15% @ BERARE 1k
ZHENT o AIRERHERE YT T S A~ SR
I e J5 FR I B v I 3 R A 0 o o 1 B E
oA R e

Table 7. Recovery rates for 7 estrogen in aquaculture mullet muscle

Low concentration

Medium concentration

High concentration

Compound name

Spike level Recovery CV  Spike level Recovery CV  Spike level Recovery CV

(mg/kg) (%) (%)  (mg/kg) (%) (%)  (mg/kg) (%) (%)
Estrone 0.005 89 5 0.01 100 4 0.05 98 2
17a-Estradiol 0.005 86 6 0.01 95 5 0.05 94 4
Estradiol 0.005 79 11 0.01 98 3 0.05 91 1
Estriol 0.005 67 11 0.01 73 10 0.05 77 2
Diethylstilbestrol 0.005 83 4 0.01 78 7 0.05 80 4
Ethinylestradiol 0.005 100 12 0.01 110 9 0.05 97 5
Estradiol benzoate 0.005 71 6 0.01 116 2 0.05 106 3

T\~ BARTH 7 BHEREREIRERHER

Table 8. Recovery rates for 7 estrogen in mullet liver

Low concentration

Medium concentration High concentration

Compound name

Spike level Recovery CV Spike level Recovery CV Spike level Recovery CV

(mg/kg) (%) (%) (mg/kg) (%) (%) (mg/kg) (o) (%)
Estrone 0.0125 86 7 0.025 94 1 0.125 87 10
170-Estradiol 0.0125 93 6 0.025 90 3 0.125 81 11
Estradiol 0.0125 113 2 0.025 107 3 0.125 95 6
Estriol 0.0125 75 17 0.025 73 4 0.125 70 12
Diethylstilbestrol 0.0125 93 0.025 84 2 0.125 34 10
Ethinylestradiol 0.0125 94 0.025 104 6 0.125 87
Estradiol benzoate 0.0125 71 12 0.025 65 1 0.125 61
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Table 9. Recovery rates for 7 estrogen in mullet ovaries

Low concentration

Medium concentration

High concentration

Compound name

Spike level Recovery v Spike level Recovery vy Spike level Recovery Cv

(mghkg) (%) (0 (mgkg) (%) (B (mgkg) (%) (W)
Estrone 0.0125 87 6 0.025 93 4 0.125 90 1
170-Estradiol 0.0125 92 8 0.025 80 5 0.125 85 3
Estradiol 0.0125 95 5 0.025 78 6 0.125 84 3
Estriol 0.0125 72 10 0.025 60 8 0.125 69 2
Diethylstilbestrol 0.0125 76 1 0.025 73 7 0.125 84 0
Ethinylestradiol 0.0125 88 10 0.025 86 7 0.125 89 2
Estradiol benzoate 0.0125 99 1 0.025 87 5 0.125 86 5

BRZ (MEEREHNE >50%) FESUE - HI

(V) FE R HE 2 S A AR P RSB VOO b B A oK e IR AR Y 52

BB 1R B9 B R RF ) DL Y R
Gy HOECEEA IR o BT R T
1 A B HTAS ROV HERE M » ARRFFEE
ZEETAL LC-MS/MS W ELE R » FRJ AT
R rh RN A B R At E - CH
& — SRS MR AR 20 SRR
U FARE 58 e A SR A TR 3t s A At
MR EE RIS - RZBUIBIE LU
EHENE s 2% - D BISIE S sai Ly
R (630 o R RPAL VB RUE - 43 RIBC LS
AR~ SR RS RONE S 7 FEMERGE 3
A EE S A HRE SRy 0.05
mg/kg ~ 0.125 mg/kg F1 0.125 mg/kg * 2R
ANHETERL  BEZHERE RIEEAIR
WE o Ry B E RIRANG] - IR B RUER
g5 (GMsREHIE 0~20%) @ 1] R FEEE T
% (HEPHE GYiEsHlf 20~50%) B

O R BURHE RS RUIT AL E
o HRLERERGGR 25% - R HIRRIE 87
FESFARE S - HIE BN R 33% -
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Table 10. Matrix effects (ME) for estrogen in different matrixes

ME (%)
Compound name - -
Mullet muscle Mullet liver Mullet ovaries

Estrone 1 3 1
170-Estradiol 4 -5 4
Estradiol -6 25 2
Estriol 1 3 4
Diethylstilbestrol 6 9 2
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Estradiol benzoate 33 -70 -62
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Table 11. Estrogen residues detected in mullet samples

No. of samples  The detection The detection

Type of sample No. of samples  Analytes with residue rate (%) range (mg/ke)

Mullet liver(Female)

Marine mullet 20 Estradiol 11 55 0.005~0.010
Estradiol 19 100 0.013~0.229

Migrating mullet 19 Estrone 5 26 0.007~0.027

Estriol 1 5 0.010

Mullet ovaries

Marine mullet 20 Estradiol 11 55 0.005~0.010

Migrating mullet 19 Estradiol 1 5 0.007
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Table 12. Range of GSI values detected in marine mullet and migrating mullet

No. of sample (Percentage of sample number, %)

Type of sampl Sampling i

ybe of sampre Amping tme GSI 15 GSI5-10  GSI10~15  GSIover 15
Marine mullet” 201910 7(35) 735) 5(25) 165
Migrating mullet? 201912 0 0 8(42) 11 (58)
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Fig. 3. Box plot illustrating Estradiol (E2) residues in livers from marine mullet and migrating

mullet.
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Multiresidue Analysis of Estrogens in Mullet
Hui-Shan Chen!, Horng-Ji Chen?, Tsyr-Horng Shyu!”

Abstract

Chen, H. S., Chen, H. J., and Shyu, T. H. 2020. Multiresidue analysis of estrogens in mulle. Taiwan
Pestic. Sci. 9: 565-75.

In this study, we developed a novel method (based on liquid chromatography/tandem
mass spectrometry, LC-MS/MS) to analyze mullet muscle, mullet liver, and mullet ovaries
for the following estrogen residues: Estrone (E1), 17a-Estradiol (17a-E2), Estradiol (E2),
Estriol (E3), Diethylstilbestrol (DES), Ethinylestradiol (EE), and Estradiol benzoate (EB).
Specifically, we first performed a triple recovery test by adding three concentrations to
mullet muscle, mullet liver and mullet ovaries. We then purified and extracted estrogen
residues using the QUEChERS procedure and analyzed resulting test solutions qualitatively
and quantitatively via LC-MS/MS. Average recovery rates for the seven kinds of estrogen
ranged from 67% to 116% in mullet muscle, 61% to 113% in mullet liver, and 60% to 99%
in mullet ovaries. For all average recovery rates, coefficient of variation were <20%. The
limit of quantitation for each estrogen was 0.002 mg/kg in mullet muscle, 0.005 mg/kg in
mullet liver, and 0.005 mg/kg in mullet ovaries. Our proposed method could be applied to
the routine monitoring of estrogen residues in mullet tissues, including mullet muscle, mullet
liver and mullet ovaries. In this study, we also determined the types and background
concentrations of estrogen in marine mullet and migrating mullet. These results could be

used as reference values in future research applications.

Key words: mullet, estrogen, LC-MS/MS
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